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ABSTRACT
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catlr)n of the derlvcd knowledge to solutlon of geoaclcnce problems. A new

method of graphical presentation of data hirs been dcvcloprd. Thla technique

irllnw!i n rapid, VjSLla] nnalyntm mf each dntn met and also provides s method

for viewing meveral dnta sets ajmultancously. The procedure yields not onlv

Infnrmiitlon soon in nnr dnta net, hut rcvenls tiuhtlc featuren that are vl~lhle

only In II,IL:I cumhlnatlonn.
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NURE Hydrogeochemlcal and Stream Sediment Reconnaissance. Los Alamos completed

two surveys in the Montroae quadrangle, resulting in a total of 3965 sample

locatlons (Broxton and

eludes geochemical data

surveys (Table I). The

geophysical data used:

others, 1979; Wassen, 1981). The prest-nt study in-

fer 24 of the 45 elements analyzed for in the two NURE

NLIRE Aerial Cams Ray and Hagnetic Survey provided the

equivalent thorium, equivalent uranium, percent potas-



over which the variables are interdependent and to determine a function or

model that approximates the relationship. Universal kriging was employed to

interpolate the value of the grid points from ne~ghboring sample lorations

using the function determined by the vnriograms. The functions ranged from

spherical, to cubfc, to gaussian, to combinntion~ of these ❑odels.

in a sfmilar manner, kriging was also used to interpolate the geophysi-

rnl rl;ILa to tlw grid. Here, thr algorlthm thiit cornpute~ the varlogram first

smooths and suhsampl~~s the data along thr flight line, then u~es the 6momL111’d

pl)[nls ill Lilt’ vilrlllflrilm ccmputattnns. Tt was :11s0 tl:”.e suhsampled po[nts

tll~lt III(1 krlj:ln}! ill};orlchm usrd to interpnlntr to th~l grid CCIIS (B~llviir nnd

(itlli.rq, l’~nl).

T])(’ 1,.IIId+, It d;II, I ;Irc’ .qPilf ~;l I 1}’ Cllmp]t,[tr to (}(l-m r~wiolutl on. Aftrr rot#lL-

1Ill: ,;1111 rt,l:illf(,rln}~ flIi~ [nbIyII fn IIIIS qliildriinj;lr ht)~lndriry, LI1{IsL* data wvrv

--’)



ations. This capability, not practical until now because of computational

constraints, is significant because it allows all combinations to be studfed.

Aftex viewing all the combination, Wny relationst,ipa become apparent. Cer-

tain data patterns correiate well with a particular geologic unit. Some com-

binations correlate well with certain rock types. Others indicate drainage

and, possibly, paleodrainage systems. Certain combination clearly indicate

structure. Three of the combination plots will be diacusaed. Since color

reproduction is not available for this p;lp... , black and white plots are pre-

~ented. On these pints, whfte ind~catc,s low values and black Indicates high

values with 254 Rray levels in between.

COPPER-LEAD-ZINC MINERAL1ZATION
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stancinrd deviation above the mean (3-5Z of all valuea). Some of the areas

with high geochemlcal values and without occurrences can be considered

favorable for ❑ineralization.

Local background concentration of copper, lead, ●nd zinc are relatively

consistent across the quadrangle; 90Z of copper valuea ●re less than 50 Pm,

852 of lead valuea are less than 40 ppm, and 852 of zinc vuluea are leaa than

200 pp. When metal concentratlona are elevated over small ●reas, they give

strong Indicnttonn that ❑ineralized zones are present. In two areaa north of

the Lake City district, copper valuea are slightly elevated tc 150- 375 Dpm,

hut lead and zfnc valuea are higher --500-1100 ppm Pb and 1000- 1600 p~ Zn.

Thr arm along tlw south rim of the 130nmnzn cnld”rn, enuth and eaHt of the

Eloniinzil Klnfi district, has one identified ❑iner,]] occurrence. Copper viilucs

of M)O-ltlon ppm, l~ild vn]uea of 600-1500 pIZZ, nnd zinc vnlues of 1oof)-

47rI[) ppm Lhrou~:!loiir thll cn~lre arw mutt) of Bnnnnrn King lncllraLc morr thnn

ono nccurrvnrc of mint’ralizntir)n. Although there may not he economic quiln-

tlllQH of nru In tho~r nrcnti, lL i~ Intriguing thnL they hnvc thr snmu

cliilracLcrli3LlrN Mm Lhr mil;nr mln~n~ dintrlcts. In crmtrimt, the rlu~Lrr of

orcurrcmrt~s In 111P center of thr quwdranRlc nrc adl~~ or pftn [n ~mnll vclnH

nnd prgmiLit@ dlkrH with Ilttlc? uvfdcncr of prof{tablc mlnlng. In this nrr:l,

cnpper, lewd, mid zinc vtilur~ IJhc)w Ilttle vnrlmtilnn nhovc h~rk~rnund, which

indlcntcw no mn.lor cnnrentrntcd mlncrnllzatlon in this rr~[on.

Anothrr ohm’rviltfnn from rho Cu-Ph-Zn romhinatlon rcliib~ LO Lho Ourny

dlNLrtct, [n thu nouthw~~t corner. Here, ❑lncn ocrur on elthor ~ldc of the

Unrnmpiihgrr Rlvur, Wh[rh flow nnrthwu~t off thi! north flank of the Silvrrtoll

rnldrrn. OrPH of thiN dlrItrlrL wurc dcpnnltwl In twn wptir.ltv purlod~ nf mln-

l~riil Izntlon (13urhinlk nnd Lurdko, 19hfl). 111 thu onrllvr pc~rllnl, Imti’ Crotil-

ri~ltll~ tl) hlrly ‘f’C”rt fiiryr tWO dlNfllll’L k[ndFI Of llr(’ WUrL’ d@lNIHl~d. (hlt~ IIJIH ii
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pyritic/base-metal ❑ineralogy, with silver, gGld tellurides, and native gold.

The other is a siliceous and baritic silver-lead ore w~th some ruby ,silver and

native silver. In contrast, the Late Tertiary ❑ineralization is associated

with gold-quartz veins that contain silver and gold. The pyritic-gold ores

are concentrated on the west aide of the Uncompahgre River, while the silver-

lead ores are mostly on the east 6ide. The later gold-silver ores are located

only on the east side. The plots of copper, lead, and zinc all show a dis-

tinct concentration change from southwest to northeast. This abrupt change

corresponds with the course of the Uncompahgre River. Other elements that

echo this geochemjcal trend are cobalt and ❑ anganese.

Consirlerahly more information can be inferred from careful study of the

Cu-Pb-Zn cnmhinntion. That the mining districts are evident in this cornhina-

tion gfvcs rrcdibility to both tile sampling techniques

;l]r/)r~~117L!. TIIP :lddi L[nn;l] al)nm. ilous areas, Ltlcn, arc

interestln~. ThLI correlation betwcon ore mineralogy and

and the smoothing

p{)t~ntfally very

elemenL variations

w[L!lin a district promises that thts technique may be useful in rapidly de-

LcrmJninl! Lhc mtnt’r.l]c~~y of arei~s that have not had the hcnc’f~t of exLL’nsivc

geological explnrat [on.

SAWATCHPRECA?tFiRIAN GRANITES

TIIC Precamhriiln graniLcs expo’;ed in the northeast cornrr of tllc MunLrosr

qlindrangle nre tll(~ core of the Sawntch antlcllne (Wl?to, 1968). Suporfmplj!;cld

m th~ eastern flank of this antlcl~nv is the Arkansiis River grnhcn, part of

the Rio Grilnd(t RtlL, WIIICII s~pilrilt~s thl’ granites of tllc %IW:IICII It,ln};() from

tli(~ grfillltt’s of tlIP Mosq\llto Ran}?o. TIIe Silwiitch nnt[clln:]l rl’j:lnn, rc’;lrLl-

Vilt(’(1 durln}: 111(1 Lar;lm{d(~ orog(lnv, W:IS f{rst upliftcri (l\lrlll}: tilt, ]It>nllsy]v;)l)[,lll

-H-



Ancestral Rockies orogeny. Upii~rown blocks are bounded by major faults that

show 5,000-10,000 fL of displacement (DeVoto, 1972). One of these faults, the

Flosquito-Weston fault system, is the eastern bounding fault on this portion of

the Rio Crande Rift. After studying two three-element combinations (dyspro-

sjl]rn, hafnium, scandium; and potassium, lithium, tl?anium) it is noticed that

the granites on the east side of the rift have different trace-element com-

positions fro,n those on the west side, suggesting that these two granites may

be derived from different sources.

Images of these six elements are shown in Figure 5. Comparing them with

the Precambrian outcrop ❑ ap (Fig. 6), only one element, dysprosium, has high

concentrations in both granites. Its ❑ ean value In the Mosquito Range is muc!l

higher than in the Sawatch Range (see Table 11). Hafnium, scandium, and tita-

nium have significantly higher concentrations in the Mosquito Range. Potas–

s i urn and lithium have just the opposite trend, hilt are not as dramatically

dfffercnL# ThL~ crysLall[ne province has higher aver=gc concentrations of

potassium and lithium than the rest of the quadrangle. But wLthjn Lhe pro-

vince, the Savatch Range is higher than the Mosquito Range. The varliitions of

these six elements, tind others also, cannot be fully explained by differential

veriical displacement of the two granites. No interpretation is offered aL

this time except to suggest lateral mov(’ment along this fault system at som(’

tinw. Integration of data from other quadrangles along the rift Is essentl;ll

b~’for~ a comprehensive explnniition can be proposed.
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TABLE II

HEAN VALUES FOR SELECTED ELEHENTS

(all values in ppm)

Sawa tch

Element x

Dysprosium 10.1

Ha fnium 19.7

Potassium 21 ,011.0

L~thfum 49.7

Scandium 11.7

Ti tan i urn 4fJ33. o

Mosquito

Sange

16.0

62.1

20,248.0

47.6

19.4

0522.0

Quadrangle

5.4

12.2

17,360.0

j~.6

10.3

477400

COiXLUSION

At Loa Alamo~ Nntlonal Laboratory, geoncjent[~tti hwvc integrated 34

mult!qource data set~ for the Montroae quadrangle, Colorndo and dcvulnprri iI

computer program which graphically presents all po~~lhlu comhlnntlonti of thrcv

dnta Mets. Arwilysis of thcm cmmhinatlonH produc!e~ fnformtlon tll~IL IS

ohvlouw ln m[nRlc data netn, mid information that l?I cnnLnlIll~d only In c!omhl-

niitlonn of dnla. Patternn observed dcffn~ ❑lnrrnllzod ,o~lnnH, rt~~l[)llill

geology, and suggeMt 10C.I1 mineralogy. sUrprf~lI’Igly, re~[nnill pnLLcrn!I y[c’ld

-10-



new information about the character of the Precambrian ~ranites in the Hontrose

quadrangle and stout the structural and tectonic history of the Precambrian in

th~ Rocky Mountains. The data integration technology deecribed provldea a new

tool to rapidly analyze and Interpret large amounta of data.

-11-
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TABLE I

DETECTION LIMITS AND ANALYTICAL METHODS FM SELECTED ELEMENTS

Element

Al#lliflMl
Arsenic
Ba* idm

Calcium
Cef i“m

cobalt
c~.o~j~m
Coppe’”
Cj5prOsim
Iron
Hafn ~uq

Pet.i5sldm
Llt?~um
lWdngV;l?\e
LPJ~
s<d~d:d~
%lerl!JFI

Thorium
Titanium
Vanadium
Zirconium
Zinc
Lb al i urn
(in wdlmcnt)
Llr dl 1urn

(In water)c

W!!Q
Al
As
Ba

::
co
Cr

Cu
Dy
Fe
Hf
K
Li
Mn
PD

::
Th
Ti
v
Zr

Zn

us

Minimum
Detection L:mit

(in Pm)

200
5

5%
10

2:
10

200:

300;
i

10
5
001
5
0,8

200

:
30

0,01

0.02 (in ppb)

Method of
Afralysisb

MA
xRF
NAA
NAA
NAA
NAA
NAA
XRF
NAA
NAA
NAA
NAA
Es
NAA
Xar
NA.A
XRF
NAA
NAA
NAA
YRF
NAA

F

.——

a Eecause of elemental Interferkrlce, detectlun limits w1lI shift d% tr
funr:!on of sediment composition.

b NAA = neutron actlvat~on analysis, XRF - x-ray fluoresc~wce, ES _ arc.
source emlsslon spectroscopy, DNC m delayed neutrm counting, F = fluorf]mrtry.
c 411 utter samples with uranium concentrations >40 ppb are re,)nalyzedby
DNCm
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